BACKGROUND AND AIM: Obstructive sleep apnea syndrome (OSAS) is an independent risk factor for cardiovascular disease. Recent studies showed endothelial dysfunction and pentraxin-3 both of an early marker for development of cardiovascular disease. The aim of the study was to evaluate the relationship between severity of OSAS and endothelial dysfunction and inflammatory markers including pentraxin-3 and high-sensitivity C-reactive protein (hs-CRP).
O bstructive sleep apnea Syndrome (OSAS) is characterized by recurrent upper respiratory tract obstruction episodes lasting 10 s (total) or less (partial) during sleep. [1] Hypoxemia due to apneas causes an increase in sympathetic system activation, oxygen radicals, and inflammation; thus causing vascular injury and eventually endothelial dysfunction. [2] As a result of this activation, prevalence of hypertension, diabetes mellitus, cardiovascular, and metabolic disease are significantly increased in OSAS patients. [3] All these indicate that OSAS is a systemic disorder, rather than a local pathology. [3] E n d o t h e l i a l d y s f u n c t i o n , o f w h i c h i s independently associated with adverse outcome, is the preliminary pathophysiological finding of vascular system abnormality before the clinical atherosclerosis appears. It is characterized by decreased and/or total loss in endothelial dependent vasodilation. Flow-mediated dilatation (FMD) assessed from brachial artery with ultrasound is a reliable and one of the most commonly used method to evaluate endothelial function. [4] It is well-documented that inflammation increases the risk of development of cardiovascular disease. High sensitivity C-reactive protein (hs-CRP) is an inflammatory marker, which belongs to pentraxin family and released from liver and macrophages as a response to systemic mediators in the course of inflammation. [5] Pentraxin-3 is a newly discovered member of pentraxin family. This new acute phase protein is released from liver, endothelial cells, atherosclerotic lesions, macrophages, and neutrophils as a result of inflammation. In comparison with hs-CRP, pentraxin-3 is a more specific and sensitive marker for prediction of development cardiovascular diseases. [6, 7] In addition, it has been postulated that hs-CRP primarily reflects systemic inflammation; whereas, pentraxin-3 specifically synthesized locally and reflect vascular system abnormality due to predominantly released from vascular endothelial cells. [8] Therefore, pentraxin-3 might be associated with endothelial dysfunction better than hs-CRP. Kasai et al., have recently showed that pentraxin-3 levels are significantly high in patients with moderate to high OSAS and they also showed that pentraxin-3 level is associated the cardio-ankle index. [9] However, this association has yet to be clarified in OSAS patients.
The aim of the study was to evaluate the relationship between severity of OSAS and endothelial dysfunction and inflammatory markers including pentraxin-3 and hs-CRP.
Methods
This cross-sectional study was conducted at Erciyes University School of Medicine, Department of Pulmonary Medicine Sleep Disorders Center. The study protocol was approved by Erciyes University Clinical Research Ethics Committee. All participants gave written informed consent.
Study population
Subjects younger than 18 years, patients with central sleep apnea syndrome (CSAS) diagnosed with PSG, diagnosis of upper airway resistance syndrome (UARS), those with history of smoking, having active infections, malignancy, diagnosis of chronic obstructive pulmonary disease, interstitial lung disease, and asthma were excluded from the study. We also excluded subjects with diabetes mellitus, hypertension, coronary artery disease, heart failure, and subjects using drugs (statin, renin-angiotensin system blockers, and multivitamins) affecting endothelium were excluded. Overall 83 participants (50 males and 33 females) were recruited. Patients with an apnea-hypopnea index AHI < 5 were recruited as control group. The AHI cutoffs for mild and moderate-severe OSAS were 5-14.9 and ≥15 events per hour of sleep, respectively.
Biochemical analysis
Venous blood samples were collected from all subjects after PSG at 7 am using gel tubes. The blood samples were centrifuged and then stored at -80ｰC till measurement. Serum pentraxin-3 levels were measured by enzyme-linked immunosorbent assay (ELISA) using Quantikine® ELISA (Human Pentraxin-3 Immunoassay, R&D Systems, Inc., Minneapolis, USA). Values were expressed as ng/mL. Serum hs-CRP levels were measured with an immunonephelometric method (hsCRP, Siemens, Erlangen, Germany) and expressed as mg/dl.
Assessment of endothelial function
Patients were instructed to fast and abstain from caffeinated beverages, tobacco products, and vitamin supplements for 12 h prior to the investigations. They were also instructed to abstain from exercise after waking up until the end of the examination. FMD measurements were obtained in the morning after PSG by a trained cardiologist of those who were blinded about the severity of OSAS. Vivid 7 Ultrasound System (General Electric) and 7.5 Mhz linear Doppler probe were used for the assessment. The technique described by Celermajer et al., was used. [10] The segment before brachial artery branches in antecubital fossa was used for measurement. The arterial segments where anterior and posterior surfaces are clearly delineated were chosen. Basal diameter of brachial artery was noted, then cuff of sphygmomanometer was inflated to 200 mmHg and it remained inflated for 5 min occluding the artery. Cuff was deflated quickly allowing reactive hyperemia. Measurements were obtained during 1 min after deflation and repeated three times during maximal diameter. FMD was defined as the ratio (%) change in arterial diameter at 1 min after cuff deflation compared with baseline resting diameter.
Polysomnography
Overnight PSG was performed in all patients with a 44-channel polysomnograph (Compumedics E series, Melbourne, Australia) at the Erciyes University Sleep Disorders Center, and included the following variables: Electrooculogram (two channels), electroencephalogram (two channels), electromyogram of the submental muscles (one channel), electromyogram of the anterior tibialis muscle of both legs (two channels), electrocardiogram, and measurement of airflow with an oronasal thermistor. Chest and abdominal efforts (two channels) were recorded using inductive plethysmography and arterial oxyhemoglobin saturation (SaO 2 : One channel) by pulse oximetry with a finger probe. Sleep staging and respiratory events were scored by experienced personnel blind to the patient's history using published criteria. Apneas were classified as a complete cessation of airflow for at least 10 s and hypopneas were defined as either >50% airflow reduction for a minimum of 10 s or a <50% airflow reduction with associated >3% oxygen desaturation or arousal. [11] AHI was calculated as the total number of apneas and hypopneas per hour of sleep. Oxygen desaturation index (ODI) was defined as the number of incidents of oxygen desaturation occupying more than 3% per hour of sleep, as determined by pulse oximetry. AHI was calculated as the number of apneas and hypopneas per hour of sleep. [12] Patients with AHI who experienced at least five events per hour were diagnosed as having OSAS.
Statistical analysis
Continuous variables are given as the mean ± standard deviation (SD). Parametric values were compared between the two groups using Mann-Whitney U test, categorical variables were also compared by the chi-square (χ 2 ) test. Pearson correlation test was performed to identify the independent predictors. A value of P < 0.05 was considered statistically significant. Statistical Package for Social Sciences (SPSS) 15.0 software was used for all the statistical analysis (version 15, SPSS Inc, Chicago, IL, USA).
Result
Characteristics of the study population Eighty-three participants took part in the study. Demographic and clinical characteristics of the study population were summarized in Table 1 . Fifty subjects (60.2%) were male and 33 subjects (39.8%) were female. Using AHI sores for classification, there were 19 controls (22.9%), 14 subjects with mild OSAS (16.8%), and 50 subjects with moderate-severe OSAS group (60.3%). Age was significantly different between three groups (P = 0.01), whereas body mass index (BMI) and gender were not (P = 0.05 and 0.93, respectively).
The polysomnographic findings are shown in Table 1 . AHI and arousal index (ARI) were significantly different between groups (P < 0.001). As expected, AHI and ARI were worsened as the severity of OSAS increased.
Association of pentraxin-3, hs-CRP, and endothelial dysfunction Hs-CRP and pentraxin-3 levels were significantly different between control group and mild and moderate-severe OSAS (P < 0.001) [ Table 1 ]. We found a positive correlation between hs-CRP, pentraxin-3, and AHI [ Table 2 ] (P < 0.001 for both]. Figure 1a and Table 1 shows that when we compared serum pentraxin-3 levels between control, mild OSAS, and moderatesevere OSAS groups; we found a significant increment in pentraxin-3 levels as the severity of OSAS increased.
As Figure 1b and Table 1 shows, when we compared FMD measurement between control, mild OSAS, and moderatesevere OSAS groups, we found a significant decrement in FMD as the severity of OSAS increased. Univariate analysis showed that FMD values negatively correlated with AHI, pentraxin-3, and hs-CRP [ Table 2 and Figure 2] .
Discussion
In the present study, we showed that serum pentraxin-3 and hs-CRP levels are significantly higher in OSAS patients compared to healthy controls. Secondly, we demonstrated that endothelial dysfunction is significantly increased in OSAS patients compared to healthy controls. Thirdly, we revealed a significant negative correlation between endothelial dysfunction and inflammatory markers, especially with serum pentraxin-3 level in OSAS patients.
Endothelial dysfunction is accepted as an initial step in the atherosclerotic process. [13] Previous studies showed that endothelial dysfunction predicts risk of both future fatal and nonfatal cardiovascular events. [14] The study conducted by Ip et al., included 28 OSAS patients and 12 control subjects, showed that moderate-severe OSAS patients have endothelial dysfunction and treatment with continuous positive airway pressure reversed the endothelial dysfunction. [15] Another study conducted by Oflaz et al., compared FMD measurements of OSAS patients and healthy control group. Both groups were composed of subjects without hypertension and the groups were similar with respect to gender, BMI, smoking, and level of blood lipids. FMD measurements were found significantly lower in subjects with OSAS. Additionally, diurnal variation of FMD, which was resulted in lower measurements in the morning due to hypoxia caused by recurrent nocturnal apneas was documented. [16] In our study, we also excluded all risk factors that may affect endothelial functions; which made our finding more significant and found a strong association between severity of OSAS and endothelial dysfunction. Endothelial dysfunction is associated with increased endothelial cell permeability, a procoagulant state, enhanced leukocyte adhesion due to increased endothelial expression of adhesion molecules, increased vascular tone due to a reduction in nitric oxide production, and the proliferation of smooth muscle cells. [17] It was widely accepted that OSAS can directly worsen the endothelial function via several mechanisms. [18] [19] [20] Impairment in endothelial function in OSAS patients is due to ongoing stimulated inflammation, oxygen radicals, sympathetic system mainly triggered by hypoxia. [21] In the light of aforementioned studies, mechanisms, and our findings; OSAS might be defined as a 'cardiovascular toxin'.
Inflammation is a risk factor for endothelial dysfunction through the inhibition of endothelial nitric oxide synthase activity and downregulating the number of endothelial progenitor cells. [22] [23] [24] Pentraxin-3 is produced in the site of inflammation and it is associated with endothelial dysfunction. [25] In an experimental study, Rolph et al., showed a strong pentraxin-3 staining in macrophages and endothelial cells in advanced atherosclerotic lesions. In contrast, sections from nonatherosclerotic internal mammary arteries did not express pentraxin-3. [26] The major factors that regulate pentraxin-3 expression from atherosclerotic lesions are interleukin-1, tumor necrosis factor, and oxidized low density lipoprotein (LDL) cholesterol whose expression also increased during atherosclerotic lesions. [26] The increased secretion of pentraxin-3 in atherosclerotic endothelium might explain its role in the pathogenesis of cardiovascular disease. In contrast to these experimental studies, some experimental studies have showed that pentraxin-3 may behave as an anti-inflammatory mediator to regulate proinflammatory cytokine levels. Specifically, pentraxin-3 deficiency, as indicated by pentraxin-3 knockout mice, resulted in the upregulation of proinflammatory cytokine levels. [27] Furthermore, it has been shown that transgenic mice overexpressing pentraxin-3 had significantly increased anti-inflammatory cytokine production such as interleukin-10. [28] In the present study, we showed that pentraxin-3 and hs-CRP are significantly correlated with endothelial dysfunction assessed by FMD in OSAS patients. To our knowledge, only three studies investigated the predictive value of pentraxin-3 in OSAS patients. [9, 29, 30] Kasai et al., conducted a study with 50 OSAS patients and 25 healthy controls and showed that serum pentraxin-3 levels and arterial stiffness is significantly high in OSAS patients compared to control subjects. They also showed a significant improvement in pentraxin-3 and arterial stiffness after 1 month continuous positive airway pressure treatment. [9] In addition some other studies also showed a higher serum pentraxin-3 levels in OSAS patients. [29, 30] In this regard, our findings in OSAS patients and healthy subjects are consistent with previous studies. Moreover, we also showed a significant independent association between pentraxin-3 and endothelial dysfunction, which was evaluated by FMD in OSAS patients for the first time in the literature.
There are contradictory reports regarding plasma pentraxin-3 levels and its role in development of cardiovascular disease in obese patients. [31, 32] Some previous studies showed that obese subjects have low serum pentraxin-3 levels compared to nonobese subjects. [32] In contrast, our study and previous studies that were done in OSAS patients [9, 29, 30] showed that serum pentraxin-3 levels are high in obese subjects with OSAS. However, we have to keep in mind that OSAS may causes several metabolic disarrangements that could affect serum pentraxin-3 levels and this might explain the why pentraxin-3 levels high in obese OSAS patients. Therefore, future studies with big sample size and long-term follow-up are warranted to elucidate whether high pentraxin-3 level is protective or not in OSAS patients.
However, some limitations of our study need to be mentioned. First of all, our study does not allow elucidating the role of pentraxin-3 in endothelial dysfunction; nevertheless, a significant association with endothelial dysfunction suggests that pentraxin-3 can be considered as an early marker of vascular damage in OSAS patients. The second important limitation is the sample size of the study groups. We had a large sample of OSAS patients, but we wanted to be sure about independent association between OSAS and endothelial dysfunction and vascular inflammation marker pentraxin-3; therefore, we excluded all subjects with risk factors that may affect endothelial function.
In conclusion, OSAS patients have significantly elevated pentraxin-3 levels and endothelial dysfunction. Furthermore, both pentraxin-3 and endothelial dysfunction were independently associated with severity of OSAS defined by AHI. Pentraxin-3, hs-CRP, and FMD could be used as markers of early cardiovascular damage in OSAS patients without known cardiovascular disease. Further studies with large sample size and long-term follow-up are warranted to elucidate the predictive value of pentraxin-3 and endothelial dysfunction on adverse outcome in OSAS patients. 
